The peculiar behaviour of the transverse momentum fluctuations with the centrality of the collision shown by the Relativistic Heavy Ion Collider data is naturally explained by the percolation of strings. In this framework, the p T fluctuations are nothing but fluctuations on the number of overlapping strings that form clusters in a heavy ion collision. According to this idea, the fluctuations shown a maximum for a density of strings -related to the centrality or number of participants of the collision-that corresponds to the maximum of the dispersion of the cluster mass distribution. PACS: 25.75.Nq, 12.38.Mh, 24.85.+p 1
The hadronization of the system created in nuclear collisions is one of the most intriguing questions in strong interactions. In particular, we would like to give an answer to the following question: Is there a phase transition in the evolution of the system created in ultrarelativistic heavy ion collisions?
Event-by-event fluctuations of the mean transverse momentum are considered to be one of the most important tools to identify such a transition, since the second order phase transition may lead to a divergence of the specific heat which could be observed as fluctuations in mean tranverse momentum [1] - [3] . These fluctuations have been extensively studied both theoretically [4] - [10] and experimentally [11] - [16] .
Recently, the Phenix collaboration [15] of the Relativistic Heavy Ion Collider (RHIC) has reported a peculiar behaviour of the variable F p T that measures the transverse momentum fluctuations as a function of the number of participants in Au-Au collisions.
F p T quantifies the deviation of the observed fluctuations from statistically independent particle emission,
where
The data show that F p T increases with the number of participants, reaching a maximum around N part = 200 and decreasing at higher centrality. In this paper we show that this behaviour is naturally explained by the percolation of strings produced in heavy ion collisions.
Multiparticle production is currently described in terms of color strings stretched between the partons of the projectile and the target. These strings decay into new ones by sea q −q production, and subsequently hadronize to produce the observed hadrons.
Color strings may be viewed as small areas in the transverse space, πr and/or atomic number of the colliding particles, the number of exchanged strings grows, so they start to interact forming clusters. In the transverse space that means that the transverse areas of the strings overlap, as happens for disks in the two dimensional percolation theory. At a certain critical density, η ≃ 1.12 − 1.18, a macroscopical cluster appears which marks the percolation phase transition [17] - [18] .
In the case of a nuclear collision, this density corresponds to
where N s is the total number of strings created in the collision, each one of an area
, and S A corresponds to the nuclear overlap area,
The percolation theory governs the geometrical pattern of the string clustering. Its observable implications, however, required the introduction of some dynamics in order to describe the behaviour of the cluster formed by several overlapping strings [19] - [20] .
We assume that a cluster of n strings behaves as a single string with a higher color field Q n , corresponding to the vectorial sum of the color charge of each individual string Q 1 . The resulting color field covers the area S n of the cluster. As Q 2 n = (
and the individual string colors may be oriented in an arbitrary manner respective to one another, the average Q 1i Q 1j is zero, so Q 2 n = n Q 2 1 . Q n depends also on the area S 1 of each individual string that comes into the cluster, as well as on the total area of the cluster S n , Q n = nSn S 1 Q 1 . Notice that if the strings are just touching each other, S n = nS 1 and Q n = nQ 1 , so the strings behave independently. On the contrary, if they fully overlap, S n = S 1 and Q n = √ nQ 1 . Knowing the color charge Q n , one can compute the multiplicity µ n and the mean transverse momentum < p T > n of the particles produced by a cluster of n strings. According to the Schwinger mechanism for the fragmentation of the cluster, one finds
for the multiplicity µ n and the average transverse momentum < p T > n of the particles produced by a cluster formed by n strings, where µ 1 and < p T > 1 correspond to the mean multiplicity and the mean transverse momentum of the particles produced by one individual string. These equations constitute the main tool of our evaluations.
The behaviour of the transverse momentum fluctuations can be understood as follows: At low density, most of the particles are produced by individual strings with the same < p T > 1 , so the fluctuations are small. Similarly, at large density well above the percolation critical point, there is essentially only one cluster formed by most of the strings created in the collision and therefore fluctuations are not expected either.
Instead, the fluctuations are expected to be maximal just below the percolation critical density, where the dispersion of the cluster mass distribution is larger, it is said, there are clusters formed by very different numbers of strings and therefore with different
In order to develop quantitatively this idea, we introduce the function [4] φ defined
F p T is related to φ [14] by:
For each particle we define z i = p T i − < p T >, where p T i is the transverse momentum of the particle i and < p T > is the mean transverse momentum of all particles averaged over all events. √ < z 2 > is the second moment of the single particle inclusive z distri-bution. It measures the pure statistical fluctuations, by mixing particles produced in different events. Z is defined by event,
where µ i is the number of particles produced in an event i. φ is simply the fraction of non-random fluctuations in the event-by-event mean p T , F p T , scale by the random (statistical) fluctuations. The advantage of using F p T instead of φ is that the measurements expressed in F p T can be directly compared without further scaling.
In this way, introducing our formulae for the multiplicity and the mean p T we get:
where µ n refers to the multiplicity produced by a cluster formed by n strings and M i corresponds to the maximal number of strings per cluster in an event.
By using eqs. (4):
where the mean value in the r.h.s. corresponds to an average over all events.
For the quantities < z 2 > and < Z 2 > we obtain:
and
Finally we arrive to:
where f 1 , f 2 , f 3 , f 4 and f 5 are defined in the expressions (9)- (11) . In order to compute eq. (12) we generate events and the corresponding strings using a Monte Carlo code [21] - [22] , based on the quark-gluon string model. Each string is produced at an identified impact parameter in the transverse space. Knowing the transverse area of each string, we identify all the clusters formed in each collision and subsequently we compute f 1 , f 2 , f 3 , f 4 and f 5 . The value of µ 1 -multiplicity produced by one individual string-was previously fixed from a comparison of the model [20] to SPS and RHIC data on multiplicities.
The comparison of our results for the F p T dependence on the number of participants with the Phenix data is shown in Fig. 1 . An acceptable overall agreement is obtained.
Notice that for obtaining such agreement we only need to know the number of strings formed for each centrality and their location in impact parameter space in order to form clusters. This information, together with eq. (4), is enough for us to calculate F p T . The same ingredients have been able to describe the behaviour of the strength of two [23] and three [24] 
